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 ,QWURGXFWLRQ
7KH%/6)VKDYHD FU\VWDO VWUXFWXUHFRQWDLQLQJ LQWHUOHDYHGELVPXWKR[LGH %L2 OD\HUV DQGSVHXGRSHURYVNLWH
EORFNV ZKLFK FRQWDLQ %2 RFWDKHGURQ DQG JHQHUDOO\ IRUPXODWHG DV %L2 $Q%Q2Qí ,Q WKLV QRWDWLRQ $
UHSUHVHQWV DPRQR EL RU WULYDOHQW LRQ % GHQRWHV D WHWUD SHQWD RU KH[DYDOHQW LRQ DQG Q LV WKH QXPEHU RI %2
RFWDKHGURQ LQ HDFK SVHXGRSHURYVNLWH EORFN Q          /HH HW DO  $PRQJ WKH SURW\SH %/6)V
6U%L7D2 LV QRZ VWXGLHG H[WHQVLYHO\ IRU LWV DSSOLFDWLRQ LQ )H5$0V 6XEVWLWXWLRQ RI FDOFLXP LQ VWURQWLXP VLWHV
VKRXOGIXUWKHULQFUHDVHWKH7&7KHFRPSRXQGLVWHWUDJRQDOZLWKVOLJKWRUWKRUKRPELFGLVWRUWLRQ7KHDDQGED[HV
OLHDORQJFZKHUH WKHVXIIL[GHQRWHV WKHFXELFSHURYVNLWHVXEFHOOVR WKDWD§E§DF§QP7KHFD[LV LV
LQKHUHQWO\ ORQJ 7KHVH OD\HUHG SHURYVNLWH FRPSRXQGV DUH IHUURHOHFWULF ZLWK KLJK &XULH WHPSHUDWXUHV 6XEED 5DR
,7KHVWUXFWXUDOFRQVHTXHQFHRIWKLVSRODUL]DWLRQLVWRGLVWRUWWKHRFWDKHGUDOFRRUGLQDWLRQDQGWKHUHE\WRORZHU
WKH FU\VWDO V\PPHWU\ &KHQ DQG *XR  UHSRUWHG SLH]RHOHFWULF SURSHUWLHV RI D QXPEHU RI FRPSRXQGV E\
UHSODFLQJWKHFDWLRQVKDYLQJVLPLODUVWUXFWXUDOFRQILJXUDWLRQV$FFRUGLQJWRWKHPWKH%LLRQKDVDQLPSRUWDQWHIIHFW
RQWKHERQGVWUHQJWKRI7L2íDORQJDD[LVLQWKHFRPSRXQG6U%L7L2WKH%LLRQLQ%L2FDQRQO\EH




REVHUYHG LQ WKHVH FRPSRXQGV UHVXOW LQ WKH KLJK VWDELOLW\ RI WKH SLH]RHOHFWULF SURSHUWLHV IRU FHUDPLFPDWHULDOV RI
%L6U7L2HLWKHUXQGHUKLJKWHPSHUDWXUHRUXQGHURQHGLPHQVLRQDOVWUHVV)HUURHOHFWULFDQGGLHOHFWULFSURSHUWLHVRI
6&%76&76&%7DQG6&%7DUHLQYHVWLJDWHG&RPSOH[LPSHGDQFHVSHFWURVFRS\&,6LVDÀH[LEOHWRRO
IRU VLPXOWDQHRXV HOHFWULFDO DQG GLHOHFWULF FKDUDFWHUL]DWLRQ RIPDWHULDOV 7KLV SRZHUIXO WHFKQLTXH KDV EHHQZLGHO\



























H[DPLQHGE\ ;UD\ GLIIUDFWLRQ ;5' XVLQJ D *XLQLHUKDJJFDPHUDZLWK &X .Į   UDGLDWLRQ 7KHPLFUR
FKDUDFWHUL]DWLRQ RI WKH FHUDPLFV ZDV REVHUYHG E\ VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0  )RU HOHFWULFDO


















WHPSHUDWXUH 7KLV PD\ EH FDXVHG GXH WR JUDLQ ERXQGDU\ HIIHFW DQG SUHVHQFH RI DOO W\SH RI SRODUL]DWLRQ LQ WKH
PDWHULDOV 7KH REVHUYHG KLJK YDOXH RI SHUPLWWLYLW\ ERWK DW ORZ IUHTXHQF\ DQG KLJK WHPSHUDWXUH SUREDEO\ GXH WR











LQ WHPSHUDWXUH XS WR  & DQG DJDLQPRYH WRZDUGV KLJKHU IUHTXHQF\ VLGHZLWK LQFUHDVH LQ WHPSHUDWXUH LQ WKH
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ORVVSHDNLVDQHVVHQWLDOIHDWXUHRIWKHFKDUJHFDUULHUKRSSLQJWUDQVSRUW'DWWDDQG6LQKD)RUDPRUHGHWDLOHG
DQDO\VLVZHKDYHDGRSWHGLPSHGDQFHVSHFWURVFRSLFWHFKQLTXH



































































































WKDW  WKH PDJQLWXGHRI=¶ GHFUHDVHVZLWK LQFUHDVH LQERWK IUHTXHQF\DVZHOO DV WHPSHUDWXUHDQ LQFUHDVH  LQ  DF
FRQGXFWLYLW\ZLWKULVHLQWHPSHUDWXUHDQGIUHTXHQF\FDQEHFRQFOXGHG:HDOVRREVHUYHWKDWDWKLJKIUHTXHQF\WKH
=¶YDOXHVIRUDOO WHPSHUDWXUHVPHUJH7KLV LVGXH WR WKHUHOHDVHRIVSDFHFKDUJHDVDUHVXOWRIUHGXFWLRQ LQEDUULHU
SURSHUWLHVRIWKHPDWHULDOZLWKULVHLQWHPSHUDWXUH.XPDUHWDO/LO\HWDODQGPD\EHDUHVSRQVLEOH
IDFWRU IRU WKHHQKDQFHPHQWRI$&FRQGXFWLYLW\RI WKHPDWHULDOZLWK WHPSHUDWXUH DWKLJK IUHTXHQFLHV*DJDQHW DO








WHPSHUDWXUH 7KH PHUJHU RI =´ YDOXHV LQ WKH KLJK IUHTXHQF\ GRPDLQ PD\ EH SRVVLEO\ DQ LQGLFDWLRQ RI WKH
DFFXPXODWLRQRIVSDFHFKDUJHVLQWKHPDWHULDODWORZIUHTXHQF\DQGDWKLJKWHPSHUDWXUH
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LQLWLDO WHPSHUDWXUHV WZR RYHUODSSLQJ VHPLFLUFOHV FRXOG EH REWDLQHG  +RZHYHU VHSDUDWLRQ RI JUDLQ DQG JUDLQ
ERXQGDU\FRQWULEXWLRQ LVQRW DFFXUDWH DV WKH VHPLFLUFOHV DUFV DUHRYHUO\LQJHDFKRWKHU7KHGRPLQDQWEHKDYLRURI
JUDLQFDQEHREVHUYHGDVVLQJOHVHPLFLUFOHFDQEHWUDFHGDWKLJKWHPSHUDWXUHVXVLQJIUHTXHQF\GDWD7KHHTXLYDOHQW
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&RHIILFLHQW RI 5HVLVWDQFH@ FKDUDFWHU RI DOO WKH VDPSOHV $QG VXSSRUWV ILJXUH  7KH JUDLQ &J DQG JUDLQ








E 7KH SODWH OLNH JUDLQ PRUSKRORJLHV ZHUH REVHUYHG LQ DOO WKH FRPSRVLWLRQV0RVW RI WKH SLH]RHOHFWULF
SURSHUWLHV VXFK DV GLHOHFWULF GLVVLSDWLRQ IDFWRUV WDQ į.3 DQG&XULH WHPSHUDWXUH 7& FRUUHVSRQGV WR WKH
DYHUDJHSURSHUWLHVRI&%7DQG6%7
F $ ORZ WHPSHUDWXUH FRHIILFLHQW DQG D KLJK UHVLVWLYLW\ LQ WKH UDQJH RI ±& ZHUH REVHUYHG LQ WKH
VDPSOHV6&%7
G ,PSHGDQFHDQDO\VLVUHYHDOHGWKHSUHVHQFHVRIJUDLQDQGJUDLQERXQGDU\HIIHFWLQDOOWKHFRPSRVLWLRQV
H 7KHRSWLPDOFRPSRVLWLRQLQWKH6U[&D[%L7L2[ FHUDPLFVV\VWHPLV[ 7KH
FRPSRXQG ZKHQ [    KDV H[FHOOHQW LQWHJUDWHG SURSHUWLHV DQG LV EHQH¿FLDO IRU KLJKHU WHPSHUDWXUH
DSSOLFDWLRQV
$FNQRZOHGJHPHQWV
 7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH PDQDJHPHQW RI 8QLYHUVLW\ RI 3HWUROHXP DQG (QHUJ\ 6WXGLHV IRU
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